The aim of this study was to investigate genetic relationships between beef traits of stationtested young bulls and carcass and meat quality traits (MQ) of commercial intact males in Piemontese cattle. Phenotypes for daily gain (DG) and live fl eshiness traits (width at withers: WW; shoulder muscularity: SM; loin width: LW; loin thickness: LT; thigh muscularity: TM; thigh profi le: TP) and thinness of the shin bone (BT) were available for 3,109 and 2,183 performance-tested young bulls, respectively. Carcass daily gain (CDG), carcass conformation (SEUS), pH at 24 h (pH24h) and 8 d after slaughter (pH8d), lightness (L*), redness (a*), yellowness (b*), hue angle (HA), saturation index (SI), drip loss (DL), cooking loss (CL), and shear force (SF) were assessed for 1,208 commercial intact males. (Co) variance components were estimated in a set of twelve 9-traits analyses using REML and linear animal models including all performance-test traits and 1 carcass or MQ trait at a time. Heritabilities ± SE of beef traits ranged from 0.26 ± 0.03 (LW) to 0.47 ± 0.01 (DG), whereas those of carcass traits and MQ from 0.06 ± 0.03 (CL) to 0.63 ± 0.04 (HA). The genetic correlation (rg) between DG and CDG was 0.75 ± 0.10, indicating that DG, as measured at the test station, is a good indicator of the carcass gain achieved by commercial animals under farms conditions. Daily BW gain of station-tested bulls correlated positively with color traits (from 0.11 ± 0.12 to 0.54 ± 0.09), ph8d (rg ± SE = 0.31 ± 0.11), DL (rg ± SE = 0.29 ± 0.17), and CL (rg ± SE = 0.27 ± 0.18). Live fl eshiness of station-tested bulls exhibited genetic correlations with MQ of commercial animals that were positive for L* and b* (from 0.13 ± 0.08 to 0.65 ± 0.14) and negative for pH (from -0.27 ± 0.15 to -0.57 ± 0.11), CL (from -0.16 ± 0.23 to -0.43 ± 0.22), and SF (TM: rg ± SE = -0.31 ± 0.15; TP: rg ± SE = -0.41 ± 0.17). The thinness of the shin bone correlated unfavorably with CDG (rg ± SE = -0.74 ± 0.07) and favorably with SEUS (rg ± SE = 0.65 ± 0.17), CL (rg ± SE = -0.39 ± 0.13), and SF (rg ± SE = -0.32 ± 0.17). The estimated genetic correlations indicate that selection to increase DG, as measured at the test station, exerts moderate adverse effects on MQ. Because selection emphasis is greater for live fl eshiness than for DG, the correlated response in MQ and carcass traits is expected to be infl uenced to a greater extent by selection for muscularity, even though these traits are less heritable than DG.
INTRODUCTION
The Piemontese is an important Italian cattle breed specialized for beef production. The specialization is due to a specifi c mutation in the myostatin gene (Grobet et al.,1998) , causing muscular hypertrophy. Improving beef traits and calving performance is the focus of current breeding goals for the population. Selection of AI sires is based on a 2-stage procedure. In the fi rst stage, calves are performance-tested for beef traits at a central station. Young bulls selected after the test are progeny-tested in the second stage for direct and maternal calving performance (Carnier et al., 2000) .
Interest for meat quality traits (MQ) has increased in the last few years. These traits are becoming economically important because of the demand of consumers for a tender, lean, and palatable product. Establishing breeding programs to improve MQ is diffi cult or even unfeasible due to limitations in the availability of phenotypes. Recent estimates of genetic parameters for MQ (Boukha et al., 2011) indicated that exploitable polygenic variation exists. Studies investigating genetic associations between beef traits and MQ or carcass traits are lacking in the literature. As selection to achieve breeding goals may yield correlated responses in other traits, investigation of such associations is required to design effective breeding programs. At present, estimates of the genetic relationships between carcass traits or MQ of commercial animals and beef traits measured in the performance-testing of Piemontese bulls are unknown, and effects of current selection on MQ are unpredictable. Such relationships depend on gene effects, but may be also affected by genotype × environment interactions if differences in production systems between commercial farms and the test station exist.
The aim of this study was to investigate genetic associations between beef traits measured during the performance tests of Piemontese young bulls in station and MQ and carcass traits of intact males fattened in commercial farms.
MATERIAL AND METHODS
All data were obtained from preexisting databases. Hence, it was not necessary to obtain the approval of the animal care and use committee. Number of records and pedigree structure among and between the 2 datasets used in this study are reported in Table 1 .
Live Beef Traits Recorded in Central Test Station
Records on overall daily BW gain (DG) were available for all young bulls enrolled from 1989 to 2011 in the performance-testing program performed at the central station of the Italian Piemontese Cattle Association. Every month 14 male calves enter the station (age at the entrance: x ± SD = 49 ± 10 d) and form groups of contemporary animals. Entry of the calves forming a contemporary group is over a period of 7 to 10 d.
Appraisal of live fl eshiness and bone thinness started with candidates born in September 1991 and is based on a 9-grade linear description system used to score the thinness of the shin bone (BT) and fl eshiness at 6 body sites: width at withers (WW), shoulder muscularity (SM), loin width (LW), loin thickness (LT), thigh muscularity (rear view, TM), and thigh profi le (side view, TP). Low scores indicate reduced muscular development and thick bones whereas high scores are attributed to animals exhibiting prominent muscular masses and thin bones. Three trained classifi ers scored each animal independently at the end of the test (age at the end of the test: x ± = ± SD d 5 10 ). Details on the performance-testing program of Piemontese bulls can be found in Albera et al. (2001) .
Meat Quality and Carcass Traits Recorded on Commercial Intact Males
A research program aimed to investigate variation, genetic parameters, and single gene effects on MQ and carcass traits of Piemontese commercial intact males started in 2004 (Boukha et al., 2011; Ribeca et al., 2013) . To ensure a genetic link between the data collected within the project and the data on beef traits recorded at the test station, all animals enrolled in the program were male calves sired by young bulls selected at the end of the performance-testing procedures as AI sires. Sires of commercial intact males were AI sires widely used for breeding in the Piemontese population. Additionally, maternal grandsires of commercial intact males had a record for beef traits at the test station or had progeny tested at the station or both (see Table 1 ).
Although commercial intact males used in the study were exclusively sired by bulls selected at the end of the performance test in station, those animals were representative of the whole commercial Piemontese population. Indeed, there is broad use of AI in the population with nearly 60% of the inseminations performed artifi cially. In addition, a large fraction of natural service sires is progeny or grand-progeny of AI sires and most animals discarded at the end of the performance test are used as natural service sires. Currently, 2100 natural service sires are active in the population and registered in the Piemontese herdbook, which includes 90% of Piemontese animals. Thirty-fi ve percent of the natural service sires have sire, paternal and maternal grandsire that are AI sires, 13% have sire and paternal grandsire that are AI sires, and 12% have sire and maternal grandsire that are AI sires. As a consequence, the number of animals in the population, which is not directly or indirectly connected to AI sires, is very limited.
Sire-offspring relationships were ascertained through DNA testing based on 19 microsatellites (Budowle et al., 2005) and not confi rmed animals were removed from the database.
Commercial intact males were slaughtered at the same slaughterhouse from March 2005 to February 2007 (age at slaughter: x ± = ± SD d 523 73 ). After slaughter, carcass weight and SEUROP carcass conformation category (Commission of the European Communities, 1982) were recorded. Carcass daily gain (CDG) was computed as the ratio of carcass weight to age at slaughter. Categories of SEUROP carcass conformation (S+, S, S-, E+, E, E-, U+, U, U-) were rearranged into numerical scores (SEUS: S+ = 6.33, S = 6, S-= 5.66, E+ = 5.33, E = 5, E-= 4.66, U+ = 4.33, U = 4, U-= 3.66). The SEUROP grading system was originally proposed as a system for classifi cation of carcasses, based on conformation, usable for all European cattle breeds. As a consequence, carcasses of beef cattle breeds are commonly classifi ed in the top or medium classes of the system. Even more so, carcasses of hypertrophic beef cattle breeds are commonly classifi ed in the top 3 classes (S, E, U).
Individual samples of Longissimus thoracis muscle were collected between the fi fth and sixth thoracic vertebra 24 h after slaughter. Assessment of MQ included muscle pH, measured at 24 h (pH24h) and 8 d after slaughter (pH8d), lightness (L*), redness (a*), yellowness (b*), hue angle (HA), saturation index (SI), drip loss (DL, %), cooking loss (CL, %), and shear force (SF, kg), all measured at 8 d after slaughter. Details on procedures used to assess MQ can be found in Boukha et al. (2011) .
Statistical Models and Procedures
(Co)variance components were estimated by REML procedures using VCE software (version 6.0, Groeneveld et al., 2010) . Due to computing limitations, a multivariate analysis including all the investigated traits was unfeasible. Hence, multivariate mixed models including all beef traits and 1 carcass or MQ trait at a time were used, resulting in a set of twelve 9-traits analyses. The multivariate mixed model was
where y is the vector of observations for 9 traits (DG, BT, WW, SM, LW, LT, TM, TP, and 1 MQ or carcass trait), b, a, and e are vectors of nongenetic, animal additive genetic, and residual effects, respectively, and X and Z are incidence matrices relating observations in y to effects in b and a. Conditional on the unknown parameters of the model, the data were assumed to be generated from this multivariate normal distribution:
where R is a residual covariance matrix and MVN denotes a multivariate normal distribution.
Because a very low number of bulls tested on station had a record for MQ or carcass traits also (see Table 1 ), the residual covariances between live beef traits and MQ or carcass traits were assumed to be 0. After sorting the data by individual, the residual (co)variance matrix can be written as:
where R BF is a 8 by 8 residual (co)variance matrix for live beef traits of bulls tested on station, σ 2 MQ is the residual variance for the MQ or carcass trait analyzed, I 1 and I 2 are identity matrices and 0 is a null matrix, all of appropriate order.
Animal additive genetic effects were assumed to follow a multivariate normal distribution:
After sorting the data by individual, the animal (co) variance matrix K can be rewritten as A ⊗ G, where G is a 9 × 9 (co)variance matrix for additive genetic effects of animals, and A is the numerator of Wright's relationship matrix. Additive relationships in A were computed using a pedigree fi le including all phenotyped animals and their known ancestors (22,706 animals). The minimum number of generations of known ancestors per animal in the data ranged from 4 to 5. The Italian Piemontese Cattle Association provided pedigree information. 
Nongenetic Effects
Preliminary univariate analyses, using the General Linear Model procedure (SAS Inst. Inc., Cary, NC), were performed to identify signifi cant (P < 0.05) nongenetic effects to be included in the models to estimate (co) variance components.
For all live beef traits, the model included the fi xed effect of the contemporary group (year-month of birth, 259 levels). For DG, TM, TP, and BT, the fi xed effect of the parity of the dam (4 classes: fi rst, second, third to seventh, greater than seventh) was also included in the model.
For MQ and carcass traits, the model included the fi xed effect of the fattening farm (124 farms) and the fi xed effect of the week of laboratory analysis (92 wk). For pH24h, pH8d, L*, a*, b*, HA, SI, and SF, the fi xed effect of age at slaughter class (6 classes: 1 = less than 466 d; 2 = from 466 to 496 d; 3 = from 497 to 524 d; 4 = from 525 to 556 d; 5 = from 557 to 597 d; 6 = greater than 597 d) was also accounted for.
For live fl eshiness traits and BT, models did not account for the classifi er effect because classifi ers changed over time. Hence, the 3 scores attributed independently by the classifi ers to each animal were averaged before statistical analysis. The effect of the herd of origin of calves was not considered in models for beef traits of station-tested bulls because the average number of records per herd was too small. However, due to the very young age of calves when entering the test station, the infl uence of pretest environmental conditions is likely to be negligible. Age at scoring was not a relevant effect for live fl eshiness traits and BT because variation of age at scoring was small. Information on the genotype at the myostatin locus was not available for commercial animals, and its effect was not considered in this study. However, the mutation in the myostatin coding sequence has a frequency of 100% for station-tested young bulls, and >98% in the population (Anaborapi, 2004) , and the gene can be considered monomorphic for the Piemontese population.
RESULTS AND DISCUSSION

Descriptive Statistics
Descriptive statistics for the investigated traits are reported in Table 2 . Descriptive statistics for live beef traits of station-tested Piemontese young bulls have been previously presented by Albera et al. (2001) for animals enrolled in the testing program from 1989 to 1998. Overall DG at the station, as well as all scores for gain at the test station; carcass daily gain = carcass weight/age at slaughter; SEUROP score: SEUROP carcass conformation score converted into numerical score (SEUS: S+ = 6.33, S = 6.00, S-= 5.66, E+ = 5.33, E = 5.00, E-= 4.66, U+ = 4.33, U = 4.00, U-= 3.66); hue angle = tan -1 (b*/a*); saturation index 2 2 a* + b* = . 2 Thinness of the shin bone and live fl eshiness traits are scored using a 9-grade linear description system (1 = low, 9 = high).
fl eshiness traits and BT, were greater than those reported by Albera et al. (2001) . These inconsistencies are the results of differences in sample size and of possible variations in environmental conditions over time, but they have to be attributed also to the response achieved by the selection for these traits. Sample population mean and variation reported in the present study for MQ traits of the commercial animals have been discussed previously (Boukha et al., 2011) .
Heritabilities
Estimates of heritability, additive genetic, and residual SD for live beef traits of station-tested young bulls and MQ and carcass traits of intact males reared in commercial farms are reported in Table 3 . For live beef traits, estimates obtained in the set of 12 multivariate analyses were consistent. Thus, pooled estimates are presented. Overall DG at the station was the most heritable beef trait. Heritability of DG was similar to that reported by Gengler et al. (1995) for station-tested Belgian Blue young bulls and slightly smaller than the estimate obtained by Albera et al. (2004) in a study investigating the genetic relationships between calving performance of commercial animals and test station beef traits. Estimated heritabilities for live fl eshiness traits and BT were comparable with estimates presented by Albera et al. (2004) . All live beef traits exhibited polygenic variation to the extent of being exploitable in selective breeding. Fleshiness traits showed considerable additive genetic variation, ranging from 0.44 to 0.73 points, although all tested animals were homozygous for the mutation, making the myostatin gene inactive. Heritability estimates obtained for muscularity indicate that individual differences in muscular development are affected, even in double-muscled cattle breeds, by effects of several genes other than the myostatin one. This has been reported also for Belgian Blue cattle, where the heritability estimated for thigh muscularity ranged from 0.36 to 0.41 (Hanset et al., 1997) . In the literature, heritability of muscularity traits ranges from 0.20 to 0.51 (Gregory et al., 1995; Bouquet et al., 2010; Crowley et al., 2011) . A recent study (Bernard et al., 2009 ) on the progeny of Charolaise bulls divergently selected for growth potential reported that 173 genes were differently expressed in the 2 selected lines. Growth of muscular tissue depends on prenatal myogenesis and postnatal myofi bers hypertrophy. Prenatal myogenesis includes the rate of proliferation, the rate and extent gain = overall daily BW gain at the test station; carcass daily gain = carcass weight/age at slaughter; SEUROP score = SEUROP carcass conformation score converted into numerical score (SEUS: S+ = 6.33, S = 6.00, S-= 5.66, E+ = 5.33, E = 5.00, E-= 4.66, U+ = 4.33, U = 4.00, U-= 3.66); hue angle = tan -1 (b*/a*); saturation index 2 2 a* + b* = . 2 Thinness of the shin bone and live fl eshiness traits are scored using a 9-grade linear description system (1 = low, 9 = high).
of fusion, and the differentiation of 3 myoblast populations, giving rise to primary fi bers, secondary fi bers, and a satellite cell population, respectively. The number of muscle fi bers, which plays a key role for postnatal growth potential, is fi xed late in gestation. Postnatal events contributing to myofi bers hypertrophy comprise satellite cell proliferation and differentiation and the rate of protein synthesis to protein degradation (Oksbjerg et al., 2004) . All genes encoding for insulin growth factors, their binding proteins and receptors, as well as all other genes affecting myogenesis, differentiation, and protein turnover, may potentially contribute to overall muscular development. As an example, serum IGF-I concentration, which has been associated to muscle growth in cattle (Vestergaard et al., 2003) , showed heritabilities ranging from 0.26 to 0.32 (Maltin et al., 1990) .
Heritability estimates for MQ and carcass traits of commercial animals were in general lower than those estimated for live beef traits. This is attributable to peculiar genetic aspects of these traits, but also to the greater variability of environmental conditions in commercial farms relative to those in the test station. The use of multivariate models that also considered live beef traits did not affect the estimated heritabilities for MQ and carcass traits, which were comparable to those obtained by Boukha et al. (2011) in a set of univariate analyses of the same data.
Genetic Correlations between Live Beef and Carcass Traits
The estimated genetic correlations between live beef traits of station-tested young bulls and MQ and carcass traits of commercial intact males are reported in Table 4 . Because the number of animals with phenotypic records for both live beef traits and MQ was very small (see Table 1 ), (co)variances were estimated essentially through pedigree information. As a consequence, SE were relatively large, albeit they were in the range reported by other studies estimating the genetic correlations between traits measured on station-tested bulls and traits of their progeny reared in fi eld conditions (Oikawa et al., 2000; Eriksson et al., 2002; Crowley et al., 2011) .
Procedures at the test station are aimed to identify animals of superior genetic merit for beef traits to serve as sires of calves in commercial farms. Selling fattened animals is the most important income of commercial farms. Hence, effects of selection for beef traits at the test station on performance and value of commercial animals need to be accurately investigated. The large positive genetic correlation estimated between DG and CDG indicates that selection for enhanced DG, as measured at the test station, is expected to affect favorably carcass gain of animals reared and fattened in commercial farms.
The use of breeding bulls with high genetic merit for DG cannot exert negative effects on carcass conformation because the genetic correlation between DG and SEUS is very small and not statistically signifi cant (P > 0.05). Some studies (More O'Ferrall et al., 1989; Aass, 1996) reported unfavorable genetic relationships between DG and carcass fl eshiness. Authors hypothesized that genes Table 4 . Genetic correlations (±SE) between live beef traits of station-tested young bulls and carcass traits and meat quality of commercial intact males 2 Traits BT, WW, SM, LW, LT, TM, and TP are scored using a 9-grade linear description system (1 = low, 9 = high). 3 CDG (carcass daily gain) = carcass weight/age at slaughter; SEUS = SEUROP carcass conformation score converted into numerical score (SEUS: S+ = 6.33, S = 6, S-= 5.66, E+ = 5.33, E = 5, E-= 4.66, U+ = 4.33, U = 4, U-= 3.66); pH24h = pH at 24 h after slaughter; pH8d = pH at 8 d after slaughter; L* = lightness; a* = redness; b* = yellowness; HA = hue angle = tan -1 (b*/a*); SI = saturation index responsible for high yearling weight could counteract effects of genes responsible for fl esh deposition. Such gene effects might be responsible of negative correlations, which at a later maturity stage may become positive (Aass, 1996) .
In agreement with Oldenbroek et al. (1987) and Dijkstra et al. (1990) , live fl eshiness traits assessed on young bulls at the test station exhibited moderate (SM, LW, TM, and TP) or low (WW and LT) positive genetic relationships with SEUS evaluated for carcasses of commercial intact males. Conversely, Fouilloux et al. (1999) and Bouquet et al. (2010) estimated genetic correlations between sire live conformation and progeny carcass conformation both scored on test stations that were >0.5. Moderate genetic correlations between traits measured on sires and those of their progeny may be due to differences between the test station and commercial farms in relation to management conditions, appraisal systems (e.g., live animals vs. carcasses, linear vs. categorical) and evaluation behavior of classifi ers, and age and degree of maturity of the animals at scoring. Because muscular development at the thigh has a major infl uence on the assessment of overall carcass muscularity, the SEUS greatest genetic correlations with fl eshiness traits were estimated with TM and TP.
The genetic relationship between BT and SEUS was large and positive, indicating that selection in favor of thin shin bones exerts advantageous effect on commercial carcass conformation. However, such selection results in detrimental effects on CDG as a consequence of the large negative genetic relationship with this trait. Current selection of Piemontese cattle is addressed to increase BT, but the weight for this trait in the selection index is not large (A. Albera, personal communication).
Genetic Correlations between Live Beef Traits and Meat Quality
Meat quality of commercial intact males was correlated with live beef traits of station-tested young bulls. The estimated genetic correlations ranged from -0.57 to 0.65. Among the 80 estimated correlations, in absolute value, 33 were >0.2 and 17 were > 0.4.
Daily BW gain of station-tested bulls showed positive genetic correlations with pH8d, color traits (with the exception of HA), DL, and CL. In the literature, results on the genetic association between DG and MQ are not consistent. Aass (1996) reported that growth rate was positively correlated with L*, but negatively associated with a* and b*. Increased water loss has been associated to a reduction of meat fat content (Oliván et al., 2003) , which, in turn, might be related to increased lean growth potential. No genetic association between water holding capacity and growth rate has been described in the literature.
In our study, the genetic relationship between DG and SF was small and statistically not signifi cant (P > 0.05). In the literature, the relevance of growth rate and protein kinetics as determinants of tenderness arose from observations that fast growth, with associated high rates of protein turnover, resulted in decreased proportions of stable nonreducible cross-links in connective tissue (Aberle et al., 1981) . A possible explanation is that, during de novo collagen synthesis, preexisting collagen becomes a lower proportion of total collagen than it was before growth. Thus, decreased proportions of stable nonreducible cross-links in connective tissue are expected in fast-growing animals. According to Renand et al. (1994) , selection for growth capacity does not affect the total collagen content, but it slightly increases the heat-labile collagen content. In a study using Angus lines divergently selected for growth rate from birth to 1 yr of age, high yearling weight was reported to be genetically associated with low muscle protein degradation (Oddy et al., 1998) , increased calpastatin concentration, and decreased rate of postmortem tenderization (McDonagh 1998; Morris and Speck, 1998) . Similar relationships have been detected for steers selected for high net feed effi ciency (McDonagh et al., 2001) .
Live fl eshiness traits correlated genetically with MQ, mainly with pH, color traits, and CL. The estimated genetic relationships between pH, both at 24 h and 8 d after slaughter, and all live fl eshiness traits were negative, ranging from -0.57 to -0.27. Live fl eshiness traits correlated positively with L* and b*, indicating that commercial animals originated by young bulls with greater muscularity tend to produce paler meat. Correlations of a* with fl eshiness scores were smaller in absolute value and less consistent in sign than those for L* and b*, being positive with WW, LW, and LT, but negative with TM and TP. High values of SI, which is an indicator of brightness of meat color, correlated with high scores for WW, SM, LW, and LT, but were unrelated to thigh muscularity. In the literature, the relationship between muscularity and MQ has been investigated in depth by comparing double-muscled with normal animals. Generally, meat from double-muscled cattle is more tender due to decreased collagen content in muscles (Boccard, 1982; Uytterhaegen et al., 1994) and reduced proportion of stable nonreducible crosslinks (Bailey et al., 1982) relative to meat of normal cattle. In addition, double-muscled cattle show paler meat compared with normal animals as a consequence of the increased proportion of white fast-twitch glycolytic fi bers in muscles of hypertrophic animals (Boccard, 1982) . In double-muscled animals, muscular development, being infl uenced by several genes in addition to the myostatin gene, is expected to follow a physiological pattern similar to that of normal animals with comparable consequences for MQ. Based on differences in the sensitivity of the acto-myosin ATPase activity to pH preincubation, 3 main fi ber types have been conventionally identifi ed by histochemistry in the adult skeletal muscle: low-twitch oxidative Type I fi ber, and fast-twitch glycolytic Type IIA and IIB fi bers (Brooke and Kaiser, 1970) . As growth rate of Type IIB fi bers is 2 times greater relative to that of Type I fi bers (Oksbjerg et al., 1994) , selection for increased muscle mass increases the proportion of fast-twitch glycolytic fi bers at the expense of slow-twitch oxidative fi bers (Maltin et al., 1997; Wegner et al., 2000) . This occurs in normal breeds as well as in double-muscled cattle (Wegner et al., 2000) . The increased proportion of fast-twitch glycolytic fi bers in muscles of animals exhibiting increased muscularity might explain the genetic relationships, detected in our study, between fl eshiness and meat color or pH. Because Type IIB fi bers are characterized by lower myoglobin content and increased lightness relative to Type I fi bers (Wegner et al., 2000) , selection for increased fl eshiness is expected to indirectly affect meat color by favoring paleness. Also, Type IIB fi bers tend to accumulate greater amounts of glycogen and muscles where glycolytic fi ber types predominate exhibit increased postmortem lactate concentrations, faster pH decline, and lower ultimate pH.
Genetic relationships between live fl eshiness scores of young bulls and CL or SF of commercial animals were not consistent. Some fl eshiness traits exhibited trivial associations with CL and SF, whereas others were favorably associated with CL (LW, LT, TM, and TP) or SF (TM and TP). The relationship between muscularity and SF is controversial. The association between the proportion of fast-twitch fi bers in muscles and meat tenderness has been reported to be negative (Strydom et al., 2000; Renand et al., 2001) , null (Geesink et al., 1995; Vestergaard et al., 2000) , or positive (Ozawa et al., 2000; Dingboom and Weijs, 2004; Choi and Kim, 2009) , albeit fi ndings indicating that fast-twitch fi bers exhibit faster postmortem ageing and affect positively the rate of postmortem beef tenderization have been described (Monin, 1988; Monin and Ouali, 1991) . Although underlying mechanisms of these relationships have not been fully elucidated, Xiong (2004) reported that proteins in the z-band of fast-twitch fi bers are more susceptible to early postmortem proteolytic degradation than those of Type I fi bers.
High BT exhibited advantageous genetic associations with MQ, being correlated with decreased pH, greater water holding capacity as measured by DL and CL, and greater tenderness.
To date, enhancement of muscle growth has been an important focus for selective breeding of beef cattle.
Because consumers look for products of high and reliable quality, expected consequences for MQ of such selection were investigated in this study on the basis of the estimated genetic correlations between live beef traits of station-tested bulls and carcass growth and conformation and MQ quality of their commercial young bull progenies. Results provide evidence that genetic associations among these traits exist in Piemontese cattle and current selection practices at the test station, aiming at increasing DG, live fl eshiness, and the thinness of the shin bone, may exert a number of effects on MQ. The cumulative weight attributed to live fl eshiness traits and BT in the selection index of the tested bulls is greater relative to that for DG. Hence, the correlated response in MQ and carcass traits is infl uenced to a greater extent by selection for fl eshiness and BT, even though these traits are less heritable than DG.
Likely, current selection at the test station will exert disadvantageous effects on the visual appearance of meat (increased paleness), but possible solutions are not easy to provide until economic importance of DG and live fl eshiness remains unchanged. Overall, the correlated response of CL and SF in commercial animals to selection for live beef traits is expected to be advantageous.
Muscular development in different anatomical regions showed different degrees of association with MQ. Selection might be addressed to increase muscularity focusing on specifi c body regions. However, the large and positive genetic relationships among live fl eshiness traits make such strategy useless.
Results of this study underline the need of taking into account, when selecting for beef production, genetic associations with important quality traits, to prevent disadvantageous correlated response in MQ and overall carcass value. Further investigations on the impact of selection for live fl eshiness on meat fat content should be also taken into consideration. Aass, L. 1996 
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